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ENERGY 


NEW TYPE SOLAR CONCENTRATOR BEING DEVELOPED AT CNRS 
Paris INFORMATIONS CHIMIE in French Jun-Jul 81 pp 85-86 
[Article: "Colored Plastic Solar Concentrators" | 


[Text] Given the high cost of silicon photocells, the photovoltaic conversion of 
solar energy into electrical energy continues to be very costly. 


The CNRS [National Center for Scientific Research | Photochemical Laboratory at 
Thiais has developed a colored polymer film that concentrates the luminous spec- 
trum with respect to flux as well as frequency on to a very small photocell area. 


The solar concentrators function in diffused light and do not heat the photoce.ls. 
They are made of Plexiglass film colored in bulk; unfortunately, the dyes being 
tested currently--organic molecules developed for colored lasers--are not stable 
with time and have difficulty in absorbing and re-emitting radiation at the 
appropriate wavelengths with good energetic yields. The CNRS researchers at 
Thiais are therefore seeking to develop films enclosing organometallic compounds, 
that is, organic molecules that include metallic atoms. The luminous energy will 
then be absorbed by the organic part of the molecule, then transferred to the 
metallic atom, which will emit it, and so on. Through this process of absorption 
and emission "in cascade," it is hoped to lengthen the operational life cf the 
dyes and their energy transfer efficiency. 


The colored plastic concentrators currently under study have a yield of 10 percent 
and should therefore enable a tenfold reduction in the silicon area needed for a 
given level of energy production. Their viability is as yet difficult to evaluate 
with any degree of precision. The German researchers of the Fraunhofer Institute 
at Fribourg, who are working in this domain, estimate however that it will be 
possible very shortly to double the yield of these concentrators and produce 
electricity at a competitive per-kilowatt-hour cost. 
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INDUSTRIAL TECHNOLOGY 


FLEXIBLE MANUFACTURING SPEEDS AIRCRAFT PRODUCTION 
Duesseldorf VDI-NACHRICHTEN in German 17 Jul 81 p 6 
[Article by H. Becker and R.D. Stutz: "Sheetmetal Working Linked") 


[Text] Manufacturing of parts in the aircraft industry is charac- 
terized by extremely small runs-~-even in the case of the high 
monthly production quantities of the "Airbus" of the MRCA 

[Multiple Role Combat Aircraft] Tornado"--, in Europe it is currently 
4 to 10 assemblies monthly. In extreme cases, a very small run can 
even mean the individual manufacture of a large number of single 
sheetmetal parts. The companies therefore concentrate the same 
parts processing methods for all the models to be manufactured in 
one place. This concentration of relatively large production 
quantities allows the installation of technically high-qualit. plant 
and an integrated sheetmetal working center, which is now under con- 
struction at VFW [Consolidated Aircraft Works] in Bremen. 


The many different parts in the construction of an aircraft fuselage constitute the 
biggest "work package," even ahead of stretch-formed parts, with respect to the 
duration of manufacture of a single unit. This large volume of parts and the in- 
creasing need for capacity are forcing an expansion of the possible manufacturing 
methods, which is possible only by applying new technologies with an adequate degree 
of mechanization and process-oriented interconnection. The target must be to make 
current sheetmetal parts manufacture more efficient and improve parts quality. Re- 
ducing manual operations is a prominent and important aspect of this goal. 


In the Integrated Flexible Metal Parts Manufacturing Center (IFBZ), as it is currently 
under construction at the Consolidated Aircraft Works (VFW) in Bremen, a broad spec- 
trum of parts has to be processed: a large number of diverse parts passes through 

the plant in small lots and in different operational sequences. This not only makes 
great demands on the flexibility of the system components but also on the efficiency 
of an inventory and supply system linking the individual components and of a matching 
control system. 


Hierarchies of Computers 


Each subtask of the IFBZ is controlled and monitored separately. The IFBZ is 
arranged hierarchically with respect to the use of computers and controls. 














The task of the lowest level is switching, controlling and monitoring the functions 

of the subtasks displayed. On this level, operation o* the plant sections is possible 
manually, even in an emergency. The superior computer on the next level carries out 
the automatic operation of the sybsystems. The entire IFBZ is controlled by a master 
computer for manufacturing, which receives general conditions from a superior pro~ 
duction engineering and control system. 


The functional capability of the control system is dependent on access to data files, 
particularly those with inventory stock data, technological data and data for moni- 
toring the progress of orders. 


The gradual conversion of the individual steps in the process will be followed by the 
integration of the subsystems, which will then be working at optimal maximum with 
the parallel expansion of the Airbus program. 


The sheetmetal parts are made from a flat blank. Angles are formed by simple bending, 
rib sections, spar sections and U-sections, whose arms are stretched or compressed 

in the forming process. If necessary, the arms can be given passages during the same 

forming; the webs are given braces or flanges to increase part rigidity. The material 
is mostly copper- or zinc-alloy aluminum. 


The materials harden by precipitation, so before forming they have to be made ductile 
by heat-treatment, which in the case of solution treatment is nonstable. The thick- 
ness of the pieces to be processed is in the range between 0.8 mm and 2.5 mm. The 
size of the pieces varies from the magnitude of a bulkhead corner to spar sections 
with a length of 2.5 ms. 


The manufacture of sheetmetal parts using previous methods is characterized by numer- 
ous, almost craftsman-like operations: making blanks with shears, drilling holes 
with drilling jigs and hand-machining of billets using contour templates. Parts are 
still largely deburred by hand. During heat treatment, the parts are dipped by hand 
into saline baths, and the quenching in water is also carried out by hand. Before 
forming the heat-treated blanks must be leveled in order to guarantee a precise fit 
in the machine tool. Depending on the workpiece, formation is by bending in the 
bending press, by hand or, in the majority of cases, by pressure forming. 


A flexible method for pressure forming, adapted to the multiplicity of parts and the 
small quantity per part, has been used in the aircraft industiy for many years. One- 
piece machine tools (dies) are used, with the shape of the finished workpiece. 


The "matching tool" is a rubber diaphragm or rubber pad with a Shore hardness of 60 A. 
The rubber diaphragm, which is under load from high-pressure hydraulic oil, or the 
almost incompressible rubber pad shape themselves around the tool when the presses 
come together and form the metal blank into the desired part. 


In this forming process the tools lie on the machine table, which can accept 3 to 15 
tools, according to the size of the table and the part tool. 


The pressure applied in this technique is a maximum of 300 bar in machines installed 
in the FRG. This relatively low figure makes it necessary for more than 50 percent 
of all the parts, which cannot be finally shaped because of springback, to be worked 

















on by hand afterwards so that they meet quality standards. The press configurations 
in use do not permit any separation of pressing time and manual work time, so that 
the capaci~y limit is reached quickly when demand grows. 


Adapted to Aircraft Fuselage Construction 


Sheetmetal parts manufacture, therefore, had to be automated and mechanized to meet 
the problems of fuselage construction. This means examining every workstep to see 
if it can be altered and improved. 


The steps of cutting the rough blank, drilling receiving holes, packaging and pro- 
cessing the final blank could be combined by using the CNC computer-assisted numeri- 
cally controlled drilling and machining center 3000 bfz (Trumpf, Ditzingen). The 
machine can cut the blanks for the parts from packaged sheets and produce the drillings 
required. The package of sheets is riveted to a carrier plate, the parts blank tobe 
machined is likewise held by two rivets, and the machine puts in rivets along the 
cutting line to take the cutting forces. Drilling, riveting and contour milling with 
five processing units are program-controlled. 


The machine is designed so that not only single rough blanks can be used, as is done 
with manual machining, but the parts blanks are cut from packaged standard-size 

sheets (1.25 ms X 2.50 ms). The individual parts are arranged closely on the standard 
sheets, resulting in a more efficient use of material. 


The machine is supplied from an inventory assigned to that particular processing 
station, in which the carrying plates and the bundles of sheets are kept ready. 


The next workstep is deburring the parts. Manual deburring is to be completely 
eliminated in the future. 


For parts with an edge length exceeding 100 mm, an installation is being planned 
which can debur and clean the blanks on both sides in one step. The grinding method 
will be used for small parts with edge lengths under 100 m. 


The parts blanks can be identified by comparing them with an available "Trumatic" 
blanks plan: as an alternative the use of an optical-electronic sensor is being 
studied at VFW. 


With the help of a TV camera, which transmits specific parts data to a process com 
puter, an installation like this can recognize profile contours. The parts are then 
given the necessary identification mark and held in readiness for further processing. 
The greater part of the blanks must be heat treated prior to forming. Recirculating 
hot air ovens and saline baths are used for annealing and solution treatment. The 
quenching in water which follows solution treatment causes a greater or lesser degree 
of distortion in the parts, which has to be corrected by putting them through a 
straightening roller. 


If a water and glycol mixture is used for quenching, distortion of the parts can be 
prevented almost entirely. In addition to preserving the solution treatment state 

















undisturbed until forming, there is also the possibility of forming annealed parts, 
of applying solution treatment after forming and obtaining distortion-free parts, 
at the same time as the time link between heat treatment and forming is done away 
with. 


At forming pressures of about 300 bar, the parts exhibit considerable springback, 
which involves considerable finishing work until the part is finally shaped. Spring- 
back is reduced with increasing pressure. 


A high-pressure press from Siempelkamp in Krefeld, with a table size of 1,375 mm X 
2,770 mm = 3.8 ms? and an applied pressure of 260 MN, exerts a forming pressure of 
700 bar. The press operates with a rubber chamber with a 400-mm thick polyurethane 
filling, allowing part heights up to 130 mm. In contrast to diaphragm presses a 
forming pressure of up to 1,000 bar, an increase in pressure can be achieved with 
this type of press construction by reducing the size of the rubber chamber and of 
the press table dimensions. With the Siempelkamp press, pressures up to a maximum 
of 2,500 bar can be obtained with 2 table surface of 700 mm X 1,120 mm. The effects 
of these pressures up to 2,500 bar on springback rates and the reproducibility of 
parts, zs well as the design of tools and the forming of other materials, are still 
being investigated. Tests are being carried out with test tools specially developed 
for this purpose. 


The press operates on the run-through principle: production pallets with tools and 
parts blanks are fed to the press on a rotating system and removed from it again. 

By using this system of rotation, the average press cycle time of 2 minutes can be 
maintained. The entire operation of feeding the press and the forming itself can be 
monitored and controlled from a press master console; control is manual or fully 
automatic. 


This press design, with its circulation system, offers a substantial increase in 
productivity compared with the current method. With an average press table content 
of 12 tools and a utilization of 85 percent, up to 1 million parts annually can be 
formed with two shifts working. The use of forming pressures of 700 bar promises 
about 50-percent reduction in the parts finishing operations previously needed. 

Full testing of all systems and their integration into the full plant--under a tech- 
nology support program with the BMFT Ministry for Research and Technology--will be 
completed by 1983. 














With the CNC [Computer~Assisted Numerically Controlled] Drilling and Machining Center 
"Trumatic 3000 bfz" several layers of metals are processed in one operation. The 
parts blank to be cut is held in position by rivets. 

















The high-pressure, circulation-system press from Siempelkamp in “refelc has an 
applied pressure of 260 MN. It can generate forming pressures up to 2,500 bar, which 
minimizes springback of the formed metal parts. 
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The numerous different parts blanks are automacically identified. 
























































Delivery of Finished Parts 


Billets and Sheetmetal High-pressure Press Changeover 
Parts Ready for Use Tools 


The press is supplied with pallets in 2-minute cycles. The circulation principle 
familiar from cutting manufacture increases productivity. 





The lattice remaining from a CNC-cut sheetmetal package: the individual parts were 
interlocked on the standard 1.25 m X 2.50 m sheet. 























The sheetmetal parts for aircraft construction are aluminum alloy and are manufactured 
by pressure-forming with a one-piece tool (die) and a rubber forn. 
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SCIENCE POLICY 


RESEARCH MINISTERS DISCUSS R&D ORGANIZATION, COOPERATION 
Duesseldorf VDI-NACHRICHTEN in German 31 Jul 81 p 1 
[Article: "Research and Development Activities in France Regrouped"] 


[Text] During the German-French discussions on July 13 in Bonn, the French minister 
for research and technology, Jean-Pierre Chevenement, revealed to his German counter- 
part Dr. Andreas von Buelow the research policy plans of the government under President 
Francois Mitterand. For the first time France will have a coordinating ministry for 
research and technology. 


French governmental and industrial outlays for research and development (FuE) will 
be increased from 1.8 to 2.5 percent of gross social product by 1985. 


The new French Ministry for Research and Technology is patterned after the German 
Federal Ministry for Research and Technology (BMFT). It will take over the tasks 

of the former governmental coordinating committee Délégation Générale a la Recherche 
Scientifique et Technique (DGRST), which was previously under the Federal Secretary 
for Research; and it will absorb the Delegation a 1'Innovation et a la Technology 
(DIT) which was under the Ministry for Industry. In addition, the Minister for Re- 
search and Technology is responsible for the Centre National de la Recherche (CNRS) 
which, with more than a third of the government's research budget, primarily supports 
basic research in the universities and in approximately 160 government institutes. 


Also assigned to the Ministry for Research and Technology are the technology utiliza- 
tion association Agence Nationale de Valorisation de la Recherche (ANVAR), which was 
formerly under the Minister for Industry, and the documentation agency Mission Inter- 
ministerielle de Documentation et d'Information Scientifique et Technique (MIDIST). 
The remaining government research organizations and institutions remain with the 
individual departments except in matters relating to budgets, structural changes and 
employment questions concerning scientific personnel; the Ministry for Research and 
Technology is now responsible for these items. 


According to a survey by the former science advisor in the French embassy in Bonn 

and present director of the international division of DGRST in the Paris research 
ministry, Jean-Pierre Chevillot, French research and development outlays have already 
increased in the 1980-81 period: The actual research title in the federal budget 
(enveloppe recherche) by 17.8 percent from FF 10.33 to 12.17 billion, civil research 
in the universities outside of this title by 14 percent from FF 2.97 to 3.39 billion, 
the technology title by 28.4 percent from FF 7.15 to 9.18 billion and the military 
research program by 15.6 percent from FF 11.25 to 13.0 billion. 


LO 








The total French budget for research and development increased from 1980 to 1981 by 


19.1 percent from FF 31.7 to 37.7 billion compared to the total federal budget increase 
of only 12.5 percent from FF 532 billion to 600 billion. 


The first discussion between von Buelow and Chevenement centered on energy and space 
research and technology. Chevenement assured the continuity of the French (nuclear) 
energy policy and research and also the maintenance of the COGEMA reprocessing agree- 
ment for the disposal of German nuclear power plant waste. Both countries will devote 
special attention to the German-developed technology for the gasification of coal 

in situ for deposits which are hard to mine. Further development of the European 
booster rocket Arian will be a topic for a later meeting. The next round of discus- 
sions involving the two ministers includes microelectronics, humanization of work 

life and comprehensive coordination of large investments in basic research. 
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SCIENCE POLICY 


RESEARCH MINISTER INTERVIEWED ON INDUSTRIAL R & D PROGRAM 
Paris L'USINE NOUVELLE in French 10 Sep 81 pp 56-57 


[Interview with Minister of State for Research and Technology Jean-Pierre 
Chevenement by Marc Chabreuil: "Research and Technology: ‘Industrialists, Speak 
Up'"; place and date of interview not given] 


[Text] Starting in October, regional seminars in research and technology will be 
held in each region. They are to be a kind of vast get-together which, having led 
to a concluding national convention, are to serve in drawing up the government's 
scientific and technological policy for the next 4 years. 


Whether they actually accomplish this purpose or whether some of the recommenda- 
tions emerging from them eventually end uo partially “buried,” industrialists will 
have had a unique opportunity to make themselves heard, to make known their 
problems, their needs, to dialogue with university people and scientists. This is 
the desire of Jean-Pierre Chevenement, minister of state for research and develop- 
ment, who, in an exclusive interview granted to L'USINE NOUVELLE, disclosed also 
several prcejects favoring industrial research. 


[Question] Will the industrialists be invited to take part in the Research and 
Technology Ministry's regional seminars? 


[Answer] Of course.Indeed, the participation of the industrialists is highly 
important. To make known their needs, their concerns, to talk with the active 
forces in their regions.... But also because the major issues to be taken up at 
the national convention will be debated in these regional-level meetings--parti- 
cularly, the problems posed by development and technology, the insertion of 
research into enterprise strategies, and the insertion of the regional dimension 
into the national scientific and technological policy. 


Besides, the industrialists are already a party to the preparation of these semin- 
ars: as chairmen of organizing committees, which are in the process of being 
formed in all the regions (this is the case of five industrialists); as members of 
these committees together with representatives of universities, of public and 
private research bodies, socio-occupational associations (chambers of commerce, 
trade unions, associations, economic and social committees...); or even as mere 
participants. 
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[Question ] Who will be speaking for the PMI [Small and Medium Industries |? 


[Answer] I hope that many PMI heads of firms will personally take part in these 
seminars. This will be an opportunity for them to talk with scientists, university 
people, and regional representatives of organizations like ANVAR [National Agency 
for Valorization of Research], and to gain information on the potentials of re- 
gional research... Two PMI company heads have set an example by accepting the chair- 
manship of seminar organizing committees for the Rhone-Alpes and Corsican regions. 


A very extensive coverage of information on these seminars will be disseminated 
among the PMI's. The chambers of commerce, the ANVAR regional delegations, the 
professional associations will all provide channels through which we can reach 
the PMI's. To give you some idea, 30,000 copies of the preliminary documentation 
for the convention will be distributed! 


(Question ] Do you already have planned incentives to encourage industrial 
research? 


[ Answer | It would be premature to disclose all of them. If only because I must 
still discuss them with Jacques Delors and Laurent Fabius.... However, I have 
already included in the draft budget for 1982 a budgetary package for ANVAR which 
represents a substantial forward stride: Fr 760 million versus Fr 450 million 
this year. And to encourage private enterprises to increase their research effort 
in comparable proportions to what is being done in the public sector, I am con- 
sidering several solutions. To stimulate contracting between enterprises and 
laboratories, certain tax relief measures (for example, the VAT [ value-added tax |) 
could be added to existing incentive measures (innovation bonuses). Certair fis- 
cal measures could stimulate the employment of young researchers, as in the FRG. 
Besides, a percentage (to be defined) of the cost of industrial research work con-~ 
tracted with public laboratories or with a technical center could be made tax- 
deductible. This would be an innovative measure, an incentive for enterprises 
that would also enable certain technical centers to break away from their 
isolation. 


To attain our goa] (2.5 percent of GDP [gross domestic product | on research by 
1985), our industrialists must by then be spending close to Fr 50 billion in 1980 
francs (or Fr 20 billion more than today) on R & D. Of course, our state enter- 
prises, which will represent half of the industrial research effort, will have to 
make a special effort to become real technological developmental poles. 


[Question | Do you expect these seminars to produce new formulas for the transfer 
of the results of public sector research to the industrial sector? 


[Answer | This is an essential requirement to valorize the nation's research 
potential. This objective will be addressed during the seminars, and the Organ- 
izing Committee for the national convention has already put in place a Research, 
Technological and Industrial Working Party. This working party will carry out a 
study of current constraints on innovation and its diffusion, and will propose 
new formulas for the transfer of research results to industry. The problem to be 
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addressed here is a more general one than that of scientific and technological 
information and its dissemination. I consider that a systematic effort must be 
made in the regions to enable enterprises to have access to acquired know-how and 
to technical updating. 


Question | Will such an effort involve the institution of technological and 
industrial forecasting? 


[Answer | That is indispensable to the drawing up of research strategies and 
technological policy decisions. In recent years, this fact has been underestima- 
ted, almost totally neglected. I plan therefore to reevaluate the role of futur- 
ology. Two National Convention working parties will examine this important 
question. 


A great deal of talk is being devoted to the pluralism of economic forecasting. 
That is all very well and good. But with numerous indicators, calculated on 
different bases, what we have is a pluralism of Babel! Would it not be more sound 
to create a large-scale Institute of Scientific and Technological Forecasting? 


[Question | When will enterprises be able to perceive the first concrete results from 
this vast coactive national planning effort? 


[Answer | The work of the regional seminars will be completed by the end of Novem- 
ber. Their combined findings will be presented to the national convention that is 
to be held in Paris from 13 to 16 January 1982. The enterprises will be able at 
that time to become conversant with the outcome. A major portion of the pro- 
ceedings and combined reports will be addressed to them. For my part, the find- 
ings of this national consultation will enable me to introduce, into the program 
bill covering the period 1982-1985 as well into other acts, measures favoring 
industrial research. This is what will open for us the "emergency exit" from our 
crisis. 
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SCIENCE POLICY 


BRIEFS 


RESEARCH MONEY--The French Minister for research and technology, Jean-Pierre Chev- 
enement, has announced that the research budget will be increased from about FF 50 
to 80 billion between now and 1985. In addition, he projects the creation of 525 
new positions for scientists and engineers. He also wants to restore basic research 
and human and social research to a high position. Three programs (biotechnology, 
microelectronics and new energy sources) will have priority. [Text] [Duesseldorf 
EUROPA CHEMIE in German no 21 Aug 81 p 353] 9160 
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TRANSPORTATION 


AERODYNAMICS OF HIGH-SPEED WHEEL-ON-RAIL TECHNOLOGY STUDIED 
Cologne DFVLR NACHRICHTEN in German Jun 81 pp 1-7 
[Article by Paul-Armin Mackrodt: "The Aerodynamics of High-Speed Trains"] 


[Text] The Ministry for Research and Technology (BMFT) is sub- 
sidizing a program of research into the technical-economic limits 
of wheel-on-rail systems. The DFVLR (German Research and Develop- 
ment Institute for Air and Space Travel) has played a major role 

in this work. It studied the posibilities of making improvements 
in the areas of riding dynamics, aerodynamics and aeroacoustics. 
The following article gives a survey of the work conducted on high- 
speed rail aerodynamics. 


In the decades after World War II many railroad companies found themselves faced 

with growing competition from the automobile and the airplane. While long-distance 
passenger traffic, for example in the United States, declined sharply as a consequence, 
the railroads in Japan and Europe made and are making efforts to meet this competitive 
pressure by improving the services they offer. One important component of this im- 
provement is without doubt a reduction in traveling time, which, besides tightening 
the schedule, can only come about by drastically increasing train speeds. Japan made 

a start there with the Shinkansen express, which, since 1965, has been running with 

a maximum speed of 210 km/hour on the Tokkaido line, opened for service 1964. 

In Europe, Italy, France and Great Britain followed more or less simultaneouslv; 

their railroads have been attaining top speeds of 200 km/hour since 1976/77 on indi- 
vidual lines with special trains (Aquitaine, Capitole, High Speed Train/HST). With 
the 1978 summer schedule the Federal German Railroads likewise introduced 200 km/hour 
as its highest speed on some, still quite short, stretches of the InterCity network. 
Additional increases in speed are already being planned in all the countries mentioned: 
With the Shinkansen II in Japan, the ETR (High-Speed Electric Train) 401 "Pendolino" 
in Italy and the Advanced Passenger Train in Great Britain (fig. 1), trains entered 
service in 1976/78 (at first only on an experimental basis) which, after 1983/85, 

will tr%vel at speeds of 250 km/hour on specially modified sections of line. France 
even went one step further: The French railroads (SNCF) had already taken delivery, 
by the spring of 1981, of more than 20 TGV (Train a Grande Vitesse) [High-Speed 

Train] (fig. 2), which will be put into operation, beginning in October 1981, on 

the newly constructed line between Paris and Lyon at scheduled speeds of 260 km/hour 
and, in the second stage of expansion (after about 1995), at top speeds of 300 km/ 
hour. 
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The German Federal Railroad is lagging far behind in its plans. Not wntil the second 
phase of expansion of the newly constructed sections--so, not before the year 2000-- 
is a scheduled top speed of 250 km/hour envisaged. This is particularly regrettable 
if one recalls that the German Railroad was a world leader in the field of high- 
speed transportation in the 1930s: Speeds of 160 km/hour were attained regularly 

on some stretches in 1933, and from 1931 to 1955 Kruckenberg's propeller-driven loco- 
motive "“Schienenzepp" held the world rail speed record at 230 km/hour. 


In order to compensate for the lag of the Federal Railroad, the Ministry for Research 
and Technology has been financing a research program into the technical-economic 
limits of the wheel-on-rail system (R/S program) since 1975; besides the DB, the 
locomotive and coach construction industries and the aircraft industry, the DFVLR 

is also participating (in the areas of riding dynamics, aerodynamics and aeroacous- 
tics). The goal of the program is to develop a wheel-on-rail experimental and demon- 
stration vehicle (R/S-VD), which, beginning in 1983, should reach 350 km/hour in 

test runs on the railroad test facility (EVA) at Rheine-Freren as a three-section 
train (two driving units and one intermediate coach) and, on the new and improved 

DB routes, 300 km/hour with 400 passengers. 





In this speed range, aerodynamics assume a very much more far-reaching importance 
than at the speeds attained previously. In fact, aerodynamic requirements determine 
the external shape of the vehicle (and no longer operational requirements, which 
had always taken absolute precedence previously). 


What are the requirements for a rail vehicle with an "aerodynamically favorable" 

shape? The first and most important is that air resistance must be as low as possible, 
because at 350 km/hour more than 90 percent of the rolling resistance* is air resis- 
tance, that is, changes in air resistance have an ~ ‘ost complete and direct effect 

on the power of the propulsion unit to be installed 4d therefore on the weight of 

the vehicle and its total cost. Second, the other aerodynamic forces and moments 

must not exceed certain limits, in order not to exert a dangerous influence on the 
running characteristics of the vehicle. Third, the aerodynamic effects of the train 
on its environment through the pressure wave and wake and their retroactive effects 

on the train itself (for example, when passing stationary objects or entering a tunnel) 
must remain under certain tolerances. Fourth, sources of aerodynamic noise must 

be avoided; a report on this will appear shortly in the DFVLR reports. 


The demand for minimal drag is fulfilled when no breaks in contour (for example, 
vents, handles, buffers, transitional gaps) are present, and the airflow does not 
separate from the vehicle surface anywhere. Separations occur where the airflow 

has to move against rapidly increasing pressure, that is, downstream from areas of 
high negative pressure ("suction peaks"), such as occur on surfaces with a sharp 
convex curvature (edges). Shapes like this must be avoided. The second requirement 
usually fulfills itself: Only nonsteady peak loads from wind gusts need to be absorbed 
through suitable design of the carrying and guidance system. That is the job of 
ride dynamics. The need for low pressure disturbances determines a cross-section 
surface along the length of the train that increases gradually at the nose and de- 
creases gradually at the tail, or, tapered shapes. Sources of aerodynamic noise 
occur in areas of excessive velocity, that is, in regions with curves of a sharply 





*Rolling resistance is the total resistance to motion that a railroad train has to 
overcome at a constant speed on a level, straight track. 
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convex contour; they can become particularly intense if individual components 
(insulators, current carrying pantograph, handles, buffers) project beyond the vehicle 
outline. This means that all the demands of aerodynamics and aeroacoustics point 

in the same direction: Towards smooth vehicles, slender at the nose and tail, with 
only gently curved surfaces. The vehicles used by the Federal Railroad do not yet 
meet these requirements. Only during the design of the 103, 403 and 601 locomotives 
whose specifications were laid down for high speeds, were aerodynamic requirements 
considered. 


The newest DB vehicles, the 111 and 120 electric locomotives, once again conform 

more to operational requirements and a prescribed design. This is surprising, at 
least in the case of the three-phase current 120 locomotive, because, with the antici- 
pated long life of this locomotive (about 40 years) and the large number to be acquired 
(reportedly about 2,500), it is unavoidable that numerous units will be equipped 

for speeds of 200 km/hour. The 120 in its present form is poorly suited for these 
speeds; its drag is about 90 percent higher than that of the 130, as our measurements 
in the DFVLR 3-meter wind tunnel in Goettingen showed. These figures apply only 

to the engine running by itself, but with a 7-coach train traveling at 200 km/hour 
about 10 percent of the propulsive energy could be saved by adapting the shape of 

the 120 more closely to that of the 103. The technica’ changes to the 120 that are 
still possible, and as proposed by the DFVLR following extensive wind tunnel measure- 
ments, would reduce the drag of the locomotive running by itself by 25 percent. 
Although the drag of the locomotive running by itself by 25 percent. Although the 
drag of the first coach increases slightly as a result of these improvements, the 
resultant gains are not quite 6 percent for a 3-coach train, 4 percent for a 7-coach 
train and 3 percent for an ll-coach train. The DB has since confirmed that these 
figures are realistic: During rolling tests with the original locomotive 120 005 

in its original form and with the improvements we recommended, drag was reduced by 

5 percent for a 3-coach train. These savings are small to be sure, especially since 
energy costs for driving a train are only a minute fraction of the total costs of 

the DB. Nevertheless, a 3-percent saving in rolling resistance means *hat 75 out 

of the 2,500 engines are, so to say, running for nothing, and that is still about 
one-half of the locomotives operating today on the InterCity service. 


If such minor changes in the vehicle's shape reduce drag noticeably at 200 km/hour, 
it is clear that totally new shapes are needed for the R/S V-D, which is supposed 

to reach 350 km/hour. As part of the DFVLR project "High-Speed Rail Aerodynamics," 
the DFVLR Institutes for Aerodynamic Design and Experimental Fluid Flow Mechanics 
jointly designed noses for the driving unit of the R/S V-D, which conform to the 
requirements for aerodynamically optimal vehicle shapes enumerated above. To make 
the design work more efficiently, G. Steffers developed a method by which the nose 
forms are selected by computer programs from predetermined planform and side eleva- 
tion curves. With the aid of these programs not only can entire series of a family 
of locomotives noses described by the boundary curves be generated by varying the 
parameters, but ail the surface points needed for panel computation and the production 
of wind tunnels models by the NC New Construction milling machine can be found. 

In addition to ellipses (GE, MD, and ME families), the boundary curves employed 

were primarily fourth-degree curves (ovals of Cassini for the SC families and super- 
ellipses for KS and SD families), which have the advantage of making the transition 
to straight lines (here the cylindrical part of the train) without abrupt changes 

in curvature. (Collecting points, which can cause separations, occur at abrupt 
changes in curvature.) From the shapes designed in this way, eight locomotive noses 
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were finally selected as representatives of entire families and tested theoretically 
and experimentally in parallel (fig. 6). The theoretical work extended to calculating 
the pressure or velocity fields on the models' surface and in their environment with 
the aid of the panel method developed by J. Steinheuer and G. Stoffers. The relia- 
bility of this method had already been proved by a comparison with pressure measure- 
ments on a model of the 103 and on the original French TGV train, so that pressure 
distributions had to be measured on only a few models, which were in good agreement 
withthe results of the calculations, as expected. The calculated velocity fields 

on the surface of the models provide important clues on all models about areas prone 
to separation and regions where sources of serious aerodynamic noise can be expected. 


All these considerations led us to propose construction of a somewhat shortened nose 
from the KS series, the KS 20 shape, which is shown in fiz. 13 as a panel model. The 
pressure wave parameters of this shape, which we determined by shifting the values 
for KS 30 parallel to the curves in fig. 7 along the broken lines to the degree of 
slimness corresponding to that of KS 20 (solid triangles), are clearly more favorable 
than those of the comparably slim noses MD 10 and SC 31 and of other guarantees meeting 
the noise standards. A 1:10 scale model of the KS 20 nose has now been numerically 
machined in the DFVLR workshops in Goettingen and measurements have been taken by the 
Krauss-Maffei Co. in the SNCF wind tunnel at St. Cyr near Paris. The results confirm 
the DFVLR predictions in an impressive way. For example, a drag coefficient of 

0.52 + percent was measured on the three-part model. From our measurements we had 
calculated: Lead car: C,= 0.11; middle car (according to measurements by the Tech- 
nical University of Hannover on a model of the 403): Cy = 0.09; rear car: Cg = 0.5 ° 
coefficient of drag at the rear + drag coefficient of the lead car = 0.5 * 0.2 + 

0.11 = 0.21; current collecting pantograph: Cg = 0.1; the total for the three-part 
train: Cg = 0.51. In no small measure on the basis of this good agreement the nose 
shape KS 20 proposed by the DFVLR was officially established for the R/S V-D by the 
Federal Railroad. 


In order to ascertain reliably the aerodynamic forces attacking the final version 

of the vehicle and its environmental effects (pressure wave, wake, noise), measure- 
ments must still be taken on a 1:5 scale model, on which all the details, for example, 
the pantograph, bogies, doors and windows, can be reproduced and the inlets and out- 
lets for cooling air can be simulated realistically. 


The airflow under the vehicle must be correctly modeled to determine aerodynamic 
forces accurately, which requires a moving wind tunnel floor. The most suitable 
facility for this would be the new German-Dutch wind tunnel (DNW). In addition to 
this, the pressure loads occurring when passing obstacles close to the track and when 
entering tunnels must also be calculated using the unsteady (quasisteady), three- 
dimensional panel method, because previous measurements and calculations are valid 
only for the steady case of traveling past an infinitely long wall. The development 
of a three-dimensional, genuinely unsteady method of computing pressure flow in time 
and space while passing through a tunnel is not complete. Finally, measurements on 
the original R/S test vehicle, scheduled for 1983/84 on the Rheine-Freren line, must 
be prepared. Unfortunately, because of a shortage of staff opennings in favor of 
other, even more important projects, the DFVLR institutes involved are being forced 
to end their work on high-speed rail aerodynamics for the time being in 1981. We 
confidently hope that at least some of the openings for 1982 that we requested are 
made available, so that the work considered important and valuable by the research 
partners can be continued after 1981. 
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Fig. 1 British high-speed train APT (Advanced Passenger Train) for a top speed of 
250 km/hour 





Fig. 2 French high-speed train TGV (Train a Grande Vitesse) for a top speed of 
260 km/hour. 
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Panel drawings of engine nose shapes designed and tested by the DFVLR. 


Fig. 6 
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Fig. 13 Perspective computer graphics drawing of the KS 20 engine nose form 
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TRANSPORTATION 


STATUS OF MAGNETIC LEVITATION TECHNOLOGY EXAMINED 
Wuerzburg AUTOMOBIL-INDUSTRIE in German Jun 81 pp 205-211 


[Article by Hans-Georg Raschbichler: "Magnetic Levitation-Technology for Future 
Transportation Systems" ] 


[Excerpts] Efficient methods of transportation and travel and 
attractive connections are of essential importance for our eco- 
nomic growth and for social progress. 


The introduction of a new technology in transportation, such as 

the magnetic rail system, promises, in comparision with existing 
methods of travel, to have positive effects on the entire economy, 
on regional and social structures and consequently on the quality 

of life of the populace. The magnetic rail system, with its noncon- 
tact magnetic levitation technology, is opening up interesting 
possibilities to supplement and expand existing means of travel 

and is thus contributing to the future security of our transpor- 
tation system. The following article deals with some important 
economic and technical aspects of magnetic levitation technology. 


1. The system 


The introduction of a new technology in transportation, such as, for example, the 
magnetic rail system, is sensible or even necessary when, compared with existing 
methods of transportation (railroad, automobile, airplane, inland waterway), the 
result is a positive effect on the erocesses of economic development, on the product- 
ivity o. the entire economy, on reg:lonal and social structures and the quality of 
life of the populace. At the same tiae, it should uot initiate any economic dis- 
advantages for the existing rail syst ms. 


From this the engineers and development staff who research and design the new trans- 
portation systems can derive the requirements which, with other considerations, can 
serve as a definition of the goals in developing a magnetic rail system. 


The following important goals can be identified: 


--high speeds, 

--good “house-to-house” times, 

--low dependence on a special form of primary energy, 
--high transportation and traffic flow, 
--predictability and accuracy in traffic flow, 

--high degree of automation, 
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--extremely low levels of pollution, 

--good opportunity for location and small space requirements, 

-~~high measure of safety and comfort for the user, 

--reasonable costs and prices, 

--combination of passenger and freight traffic (valuable, containerized freight), 
--ability to connect with other transportation systems. 


A large proportion of these requirements is already met. by the specific advantages 

and characteristics of noncontact magnetic levitation technology. One can point, 

for example, to the high speed of operation, the low level of environmental pollution 

in the absence of exhaust gases, to the raised tracks and the high degree of automation. 


4. Development 


In 1971 Messerschmitt-Boelkow-Blohm successfully tested the first prototype vehicle 
using magnetic levitation technology and linear propulsion, shown in figure 12. This 
so-called "Magnetmobil" was the first proof of the feasibility of magnetic levitation 
technology applied on a larger scale. 


A further important step in the development of the magnetic rail system was the proof 
that electromagnetic levitation technology could function at speeds above 400 km/hour 
with the experimental vehicle "Komet" in 1976. 


A new type of propulsion system used in conjunction with the electromagnetic levi- 
tation system demonstrated some advantages; this was the so-called "long-statormag- 
netic levitation technology," successfully tested by Thyssen-Henschel together with 
the Technical University of Braunschweig for the first time at a test facility in 
Kassel in 1974. 


The long-stator experimental vehicle with the long-stator components mounted in the 
guideway is shown in figure 13. 


A further important step towards the maturation and application of the magnetic rail 
system was the successful operation of the demonstration layout for magnetic levitation 
technology and long-stator propulsion on the occasion of the International Trans- 
portation Exhibition in Hamburg in 1979. 


This, the first "public" magne*ic rail layout in the world certified for passenger 
operation, was developed, built and operated with the support of the Ministry for 
Research and Technology (BMFT). 


This was the first successful test under operating conditions of the long-stator 
propulsion system developed by Thyssen Henschel. 


During 3 weeks of operation at the exhibition, the magnetic rail train at the IVA 
79 [International Transportation Exhibition] carried about 50,000 passengers over 
a distance of about 900 meters. When checked against the number of trips planned, 
it achieved an availability and reliability rate of over 99 percent. 


The development and employment of the IVA demonstration layout yielded valuable infor- 


mation concerning safety problems, certification questions, routing problems in the 
inner city and the operational service of a magnetic rail system carrying passengers. 
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Figures 14 and 15 show some typical situations concerning routing and the employment 
of the demonstration layout at the IVA 79 in Hamburg. 


The demonstration layout in Hamburg was dismantled at the end of 1979 and rebuilt 
in its entirety on the grounds of the Thyssen Henschel works in Kassel. 


Because of the Specific dimensions of the grounds the track had to be shortened some- 
what. By the end of March 1980, the first section of the IVA vehicle, as figure 16 
shows, could be "fed" onto the track. 


The magnetic rail system in Kassel--which is the only operational magnetic rail in 
the FRG certified for passenger operation--is used for parallel testing with the 
Emsland Transrapid Test Facility, except for demonstration purposes. Besides this, 


new designs for "magnetic vehicles" are examined and tested using controlled pe rma- 
nent magnets. 


>. The Emsland Transrapid Test Facility (TVE) 


As a final step from the first realistic application the definition and development 
of the Emsland Transrapid Test Facility, TVE for short, was begun in 1978. 


At this large-scale testing ground, which will be 20.5 km long in its initial stage 
of construction, components and subsystems undergo preliminary tests in nonstop 
operation under close-to-operational conditions at 400 km/hour. 


The 120-ton test vehicle is powered by a synchronous iron-bound long-stator motor. 


The layout selected for the Emsland Transrapid Test Facility is reproduced in figure 17, 
figure 18 shows a photograph of a model of the experimental vehicle. Development 

work is already at an advanced Stage, vital components and subsystems are close to 
completion. Construction work on the track and the test center near Lathen has already 
Started. 


Preliminary test results should be available in 1983. 
6. Application 


The Emsland Transrapid Test Facility represents the final step in development prior 
to the introduction of the magnetic rail System as a means of public transportation. 
After the tests in Emsland the magnetic rail system will be ready for service. 


A first step towards a practical application could be the so-called "interlink," 
that is, as figure 19 shows, a 50- to 100-km long high-speed line between 2 major 
traffic junctions, between a city and an airport or even between 2 airports. An 
interlink line like this could become a reality by the middle of the 1980s. 


The real operating target for the magnetic rail System, however, is a high-speed, 
long-distance, international network, carrying both passengers and freight, that 
is, routes of up to 2,000 km in length, with an average distance between stops of 
150 to 200 km and a maximum speed of over 400 km/hour. 


For long-distance traffic in Europe a magnetic rail system, with the advantages and 


operational possibility described, would be an ideal supplement to the railroad and 
the airplane. 
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These distances are too long for present-day trains and too short and therefore 
uneconomical for airplanes. 


Short intervals between trains and mixed passenger-freight traffic are absolutely 
essential for optimum utilization of the high investment in the lines needed for 
a magnetic rail system of this kind. 


Figure 20 sketches out a possible European high-speed rail system. As long as the 
development and test applications of the magnetic rail system are pursued with a 
definite goal in mind, as they have been so far, and if this system can be success- 
fully integrated into a total European transportation plan, it is certainly possible 
in this century that Europeans will be floating quickly, safely and comfortably across 
Europe on the first sections of a new long-distance transportation network. 
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Figure 18. Experimental vehicle of the Emsland Transrapid Test Facility. 
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Figure 19. Typical magnetic rail interlink system. 
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Figure 16. Experimental magnetic rail facility in Kassel (MVK), "feeding" the 
vehicle onto the track. 
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Figure 17. Layout of the Emsland Transrapid Test Facility (TVE). 
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Figure 14. Demonstration layout for magnetic levitation technology and long-stator 
propulsion at the IVA [International Transportation Exhibition] 79 in Hamburg. 





Figure 15. Magnetic levitation vehicle "Transrapid" on the demonstration layout 
at the IVA 79 in Hamburg. 
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Figure 12. MBB [Messerschmitt-Boelkow-Blohm] prototype vehicle 1971. 





Figure 13. The world's first long-stator test facility at Thyssen Henschel's 
"New Technologies in Transportation" 1974 
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Figure 20. Proposal for a high-speed European magnetic rail system network. 
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TRANSPORTATION 


NEW JAGUAR ENGINE SAVES 20 PERCENT FUEL 
Duesseldorf VDI-NACHRICHTEN in German 17 Jul 81 p ll 
{Article by S. Keretlow: "A Fireball Is Spinning in a Luxury Car Combustion Chamber] 


[Text] Even today outsiders can quite clearly still be pacesetters in technical 
development--even in such a highly developed industry as the automobile industry. 

In 1974, the Swiss engineer Dr Michael May, already known then through his ideas ebout 
turbochargers ("Turbo May"), developed a new combustion chamber design. le shifted 
completely away from the idea widespread at the time that the combustion chamber 
should be as close to a hemisphere as possible (as seen in racing engines for 50 
years). May essentially divided the combustion chamber into two levels. There is 

a shallow depression in front of the exhaust valve, which sits somewhat lower in the 
cylinder head. The fuel-air mixture is squeezed in during the compression stroke. 
The shape of the connecting step to the rest of the combustion chamber ensures that 
the compressed mixture starts to rotate vigorously. The spark plug is located to one 
side in a corner with less turbulence. 


With his "Fireball" design, May was trying to utilize a lean mixture similar to that 
in a stratified charge engine--but without its complicated construction. The highly 
turbulent mixture can also tolerate a much higher compression ratio, which increases 
efficiency and reduces fuel consumption. 


As early as 1976 the Swiss engineer showed a suitably modified engine in a VW Dasher 
to the professional world. Power, fuel consumption and, above all, compression ratio 
(up to 16:1) were astonishing, but the reaction to the outsider was to wait. Only 
today are such ideas being discussed, for example, at Opel or VW. The May design 
does not even require any major changes to the cylinder head, even the parallel 
overhead valves in widespread use today are eminently suitable. Only the close 
manufacturing tolerances cause problems. But in a diesel engine they are even closer. 


Clearly the British luxury car manufacturer Jaguar has recogniy ~ that these ideas 
can bring about a gain. At Jaguar there is a technically sophi ated, but also 
extremely "thirsty" engine in the 12-cylinder. It is the first .o be equipped with 
a cylinder head reworked according to the Swiss engineer's patents. 


The tiew engine is called "HE" for short (High Efficiency). Without changing the 
engine's basic construction (12 cylinders in a 60° V formation) and without a change 
in capacity (5,345 cm3), the compression ratio was raised to 12.5:l--the highest in 
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a production engine manufactured today. The digital fuel injection (from Lucas), 
which the 12-cylinder has had for a year, was calibrated for greater economy but 
otherwise remained unchanged. There is a new breakerless electronic ignition system 
which provides extra high energy for ignition with twin coils. Preparations for 
production of the improved engine required investments of 500,000, or just under 

DM 2.5 million--an extremely low amount for what has been achieved. 


Even in the newest version, the 12-cylinder runs silky-smooth, scarcely audible. 
Knocking is absent during acceleration, as is running-on when the engine is switched 
off. Horsepower and torque have also increased: power is now 220 kW at 5,500 
revs/min and torque is 432 Nm at 3,000 revs/min. Fuel consumption, the purpose of 
the exercise, is about 20 percent lower on the average. For the 12-cylinder HE sedan, 
official British tests certify a fuel consumption of 11 liters/100 kms at 09 kms/hour, 
compared with 13 liters previously, 13 liters at 120 kms/hour, as opposed to 16 liters, 
and in the urban cycle, 19 liters compared with 23 liters. For the XJS coupe the 
figures are about 1 liter lower. With these numbers, Jaguar calculates that it has 

a lower fuel consumption than its principal competitors, the Mercedes-Benz 500 SEL 
and 380 SLC. 


Along with the installation of the new engine the 12-cylinder model received detail 
bodywork changes. Equipment is now even more luxurious, the most expensive Daimler 
versions (technically identical to the Jaguar) even have standard cruise control 

and air-conditioning. The XJS coupe was given sporty-looking 5-spoke design wheels, 
new bumpers, a new standard radio and also air-conditioning. A numerically higher 
rear axle ratio lowers engine revolutions further, also reducing noise and fuel 
consumption. Jaguar describes the coupe as the fastest automobile in the world with 
a standard automatic transmission; its maximum speed is 250 km/hour. The sedans, 
which are among the largest anywhere with a length of 496 cm and a weight of almost 
2 tons, are not much slower at 240/km/hour. 

German buyers are particularly critical with respect to reliability and quality. 
Still, of the 16,000 Jaguars built this yaer (about 3,000 of them with the 12-cylinder 
engine) 1,500 will find their way onto the FRG market. 
































Deutlich ist im Schnittbild der .Fire- 
ball*-Brennkammer des Jaguars V-12 
HE der erzeugie Wirbel wahrend des 
Verdichtungstaktes zu erkennen. im 
Kasten: ein Blick unter das Wirbel- 
Modell, mit Sicht auf die Ventiideckel. 

Bild Vertasse: 


In the cutaway of the "Fireball" combustion chamber of the Jaguar V-12 HE, the 


turbulence created during the compression stroke can be seen clearly. Inset: a view 
from below the turbulence, looking towards the valve heads. 
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